Data from 364 ewes of Sardi (S), D'man (D), S x DS, DS x S, S x D, D x S (Fl), F2, D x DS and DS x D breed groups mated to F1 rams were analyzed for fertility, number of lambs born alive, litter size at weaning, litter weight at weaning per ewe joined and mean lamb weight at 60 d Each ewe was exposed in two seasons and had one or two lambings. Effects of breed group were significant for all Wts. The highest number of lambs born alive and litter size at weaning were recorded in D'man (1.84 and 1.45, respectively) and D x DS (1.81 and 1.43, respectively). F1 ewes (S x D and D x S) had the highest fertility (.94) and litter weight at weaning per ewe exposed (13.8 kg). Mean lamb weight at 60 d was highest for S x DS and Sardi ewes (13.4 kg and 13.2 kg). D'man additive effects were positive and signifhint for number of lambs born alive, litter size at weaning and litter weight at weaning per ewe j o i n e were significant but negative for mean lamb weight at 60 d; and were not significant, although positive, for fertility. Significant individual heterosis was found for fertility, litter weight weaned and mean lamb weight at 60 d. Maternal heterosis and direct epistatic recombination effects were small for all traits.
have been reported by many authors (Sidwell and Miller, 1971 ; Vesely and Peters, 1974; Hohenboken and Cochran, 1976 ; Hohenboken et al., 1976; Nitter, 1978;  Shrestha et al., 1983; Fogarty et al., 1984) , considerably less is known about epistatic recombhation effects (Fogarty et al., 1984) and direct and maternal genetic effects (Shrestha et al., 1983) . Individual heterosis estimates were high and varied from 8.6% to 28% for number of lambs born alive, litter size at weaning, litter weight at birth and at weaning and average lamb weight per ewe at birth and weaning (Nitter, 1978 son, 1977) . In Morocco, the prolific D'man breed has been used in several studies (Lahlou- Kassi et al., 1989) . Boujenane et al. (1990) estimated direct and maternal genetic effects, individual and maternal heterosis, and epistatic recombination effects for litter size and its components. The objectives of this study were to estimate the same genetic effects for fertility, number of lambs born alive, litter size at weaning, litter weight at birth and at weaning and mean lamb weaning weight from data on Sardi, D'man and crossbred ewes.
Materlals and Methods
The source of data was a flock of sheep maintained at the Tadla Experimental Farm of Hassan 11 Agronomy and Veterinary Institute.
This project was designed to study the inheritance of litter size and its components in D'man and Sardi breeds of sheep, along with a comparison of their total lamb production, in order to determine the breed group most suitable for this mixed croplivestock production environment.
Animals and Management. D a t a were collected from ewes of two pure breeds, Sardi (S) and D'man (D), and their crosses, S x DS, DS ewes were produced from a diallel cross involving the two parental pure breeds and D x S crossbred animals. The set of data included 364 ewes having a tdal of 568 lambing records. Eight ewes had no live lambs. Ewes were born either in spring or fall of 1985. Lambs were weighed at birth and every 2 wk through weaning, which occurred at about 70 d of age. Details concerning numbers of ewes in various breed groupseasons, mating plans and management were reported by Boujenane et al. (1990) .
Dura Collecred. The traits studied were fertility, number of lambs born alive, litter size at weaning, litter weight at weaning per ewe exposed and mean lamb weight at weaning. Fertility was the number of ewes pregnant per 100 ewes joined. The model used for the estimation of genetic effects (Model B) was based on the multiple regression approach in which breed group effects were expressed in terms of direct and maternal genetic effects, individual and maternal heterosis and direct epistatic recombination effects (Dickerson, 1969) . Coefficients used for these independent variables were expressed as fractions based on the expected proportion of genes contributed by each breed for breed additive and maternal effects and the expected proportion of individual and maternal heterotic effects and epistatic recombination effects. More details concerning the genetic effects were reported by Boujenane et al. (1990) .
Results and Dlscusslon
Least squam means for fertility, number of lambs born alive, litter size at weaning, litter weight at weaning per ewe joined and mean lamb weight at 60 d are presented in Tables 1,  2 and 3 . Birth group affected number of lambs born alive, and season (parity) within group had a significant effect for all traits studied. Mean performance levels tended to increase as the ewes became older, with birth group 2 ewes in their first season boungest ewes) .a?
having the lowest reproductive performance and birth group 1 ewes in their second season (oldest ewes) having the highest. A significant influence of age on the same traits was reported by Hohenboken et al. (1976) , Shrestha et al. (1983) , Iniguez et al. (1986) and Lahlou-Kassi et al. (1989) .
Breed group x season interaction effects were highly significant (P c .01) for fertility. Sard and Sardi backcross ewes from group 2 in their first season had the lowest fertility because they were mated at 12 mo of age; at that age a large proportion of them had not reached puberty. However, Sardi and Sardi backcross ewes from this group at their next mating had a high conception rate. Presumably, all ewes that were not mated in their fist season but remained open until the next mating were in better condition than ewes that had lambed previously, particularly those ewes that had lambed just 3 mo before mating. Dickerson and Glimp (1975) reported that in seven of Rimrdeau et al. (1976b) reported that fertility of Romanov ewes was higher than that of Berrichon du Cher but was slightly lower than that of F1 and F2 ewes.
Despite the higher average lamb weight per ewe at weaning of Sardi dams compared to most other breed group ewes, they had the lowest total weight of lambs weaned, indicating that ewe productivity depended more on litter size at weaning than on individual weight of the lamb (Sidwell et al., 1962 ; Chifamba et al., 1988) .
The redefrnition of breed group in terms of its genetic effects is reported in Table 4. D'man direct genetic effects (DDGE) were significantly higher than those of Sardi for all traits studied except for fertility, for which they were not different, and for mean lamb weight at weaning, for which D'man was lower. The high D'man additive effects for ewe at birth and weaning were not important. Average performance of F1 ewes was superior to the mean performance of parental breeds for all traits studied. Estimates of individual heterosis were positive for all traits but were significant only for fertility, litter weight at weaning and mean lamb weight at 60 d. Numerous authors have reported that fertility of crossbred ewes was higher than the midparent average (Ricordeau et al., 1976b; Nitter, 1978; Oltenacu and Boylan, 1981) . Moreover, the reciprocal F1 means for fertility exceeded both parental breed means, which indicates that different favorable dominant alleles are present in these two breeds. The high heterosis for total weight of lamb weaned of the crossbred ewes is the result of heterosis for fertility plus any heterosis for growth to weaning in their crossbred lambs. These results are consistent with reports in the literature (Sidwell and Miller, 1971; Hohenboken et al., 1976; Nitter, 1978 On the basis of litter weight at weaning per ewe exposed, the 1/2 D'man 1/2 Sardi breed group seems to be the most suitable for this production environment. However, because systematic crossbreeding programs are logistically difficult, especially in small flocks, and because epistatic recombination effects on lamb production traits were small, a synthetic breed having 50% D'man and 50% Sardi genes may be suitable. This population would be expected to wean 30 to 40 more lambs per nonproliic ewes would be expected to produce an increase in prolificacy more appropriate to an area where some increase in twinning is desired but where feeding and management are less favorable than in this experiment.
